Rates of high birth weight infants, overweight and obese children and adults are increasing. The associations between birth weight and adult weight may have consequences for the obesity epidemic across generations. We examined the association between mothers' birth weight for gestational age and adult body mass index (BMI) and these factors' joint effect on risk of having a large-for-gestational-age (LGA) offspring (4 þ 2 s.d. above the mean). DESIGN: A cohort of 162 676 mothers and their first-born offspring with birth information recorded on mothers and offspring in the nation-wide Swedish Medical Birth Register 1973Register --2006. RESULTS: Compared with mothers with appropriate birth weight for gestational age (AGA; À1 to þ 1 s.d.), mothers born LGA had increased risks of overweight ; odds ratio (OR), 1.50; 95% CI 1.39 --1.61), obesity class I (BMI 30.0 --34.9; OR 1.77; 95% CI 1.59 --1.98), obesity class II (BMI 35.0 --39.9; OR 2.77; 95% CI 2.37 --3.24) and obesity class III (BMI X40.0; OR 2.04; 95% CI 1.49 --2.80). In each stratum of mother's birth weight for gestational age, risk of having an LGA offspring increased with mother's BMI. The risk of an LGA offspring was highest among women with a high (X30) BMI who also had a high birth weight for gestational age (4 þ 1 s.d.). In these groups, the ORs for LGA offspring ranged from 5 to 14 when compared with mothers born AGA with normal BMI (p24.9). However, the strongest increase in risk by BMI was seen among mothers born SGA: the OR of having an LGA offspring was 13 times as high among SGA mothers with BMI X35.0 compared with the OR among SGA mothers with normal BMI (ORs ¼ 4.61 and 0.35, respectively). CONCLUSIONS: Prenatal conditions are important for the obesity epidemic. Prevention of LGA births may contribute to curtail the intergenerational vicious cycle of obesity.
INTRODUCTION
The prevalence of obesity has reached epidemic proportions. Obesity is now globally recognized as one of the major health concerns, affecting high-, middle-and low-income countries. Overweight and obesity are related to increased risks of cardiovascular diseases, several cancers, and other chronic conditions. 1 Obesity also increases the risk of all cause mortality, 2 and severe obesity markedly reduces the life expectancy of young adults. 3 Health risks generally rise in parallel with severity of obesity, and severe obesity has the fastest growing prevalence rate of all forms of obesity. 4 During pregnancy, overweight or obesity is a major risk factor for maternal complications and adverse pregnancy outcomes, including gestational diabetes, pre-eclampsia, stillbirth and fetal macrosomia. 5 The increase in infants' birth weight observed during the last decades in North-American, 6 European, 7, 8 Australian 9 and Chinese populations 10 has been primarily attributed to increases in women's body mass index (BMI) at the population level. Large-for-gestationalage (LGA) infants are in turn at increased risk of becoming overweight or obese adults. 11 This may result in a snow-ball effect: the growing proportion of girls born LGA are more likely to become overweight or obese young adults, and will later have an increased risk of LGA offspring.
Using the nation-wide Swedish Medical Birth Registry (started in 1973), we selected 162 000 mother --offspring pairs, in which perinatal information of both mothers and offspring was available. Within this cohort, we studied associations between mothers' birth-weight-for gestational-age and risks of pre-pregnancy overweight and obesity, which we were able to classify by severity. In addition, to address the generational effect, we studied the joint effect of mothers' birth weight for gestational age and adult BMI with respect to risk of having an LGA offspring.
SUBJECTS AND METHODS

Data sources
The Swedish National Board of Health and Welfare provided access to information from the Swedish Medical Birth Register, and Statistics Sweden provided data from the Education Register. Individual record linkage between the registers was possible through each individual's unique personal registration number, assigned to all Swedish residents at birth or immigration. 12 The Swedish Medical Birth Register includes data on more than 98% of all births that have occurred in Sweden since 1973. 13 Information on each pregnancy and delivery is forwarded from clinics to the Birth Register through copies of standardized antenatal, obstetric and pediatric records. Antenatal care is standardized, and the first antenatal visit usually takes place at the end of the first trimester, when information on height, weight and smoking habits are collected and recorded by midwives. BMI is calculated as the weight in kilograms divided by the square of height in meters, and information about maternal age is collected at delivery. Information on mothers' education was obtained from the Education Register as of December 31, 2005.
Mothers' gestational age was calculated from the last menstrual period date, whereas offspring gestational age was assessed by ultrasound, if available; otherwise, we used information on the last menstrual period date. Since the early 1990, Swedish women are routinely offered early second trimester ultrasonography to estimate gestational age, and 95% of the women accept this offer. 14 Birth weight for gestational age for mothers was calculated in s.d. from the Swedish sex-specific birth weight curve mean, based on births from the late 1970. 15 For mothers, we defined the following classes of birth weight for gestational age: small-for-gestational-age (SGA; more than 2 s.d. below the mean); moderately small-for-gestational-age (2 to less than 1 s.d. below the mean); appropriate-for-gestational-age (AGA; from 1 s.d. below the mean to 1 s.d. above the mean); moderately large-for-gestational-age (more than 1 to 2 s.d. above the mean) and large-for-gestational-age (LGA; more than 2 s.d. above the mean). For offspring, the current ultrasound-based Swedish reference curve for fetal growth was used, 16 and an LGA offspring was defined as a birth weight of more than 2 s.d. above the mean.
Study population
We identified a cohort of 197 241 females, who were included in the Birth Register both as singleton-born infants (between 1973 and 1992) and as mothers of first-born singleton infants (between 1990 and 2006) . We excluded records of mothers with missing or misclassified birth weight and/or gestational age (n ¼ 1257), preterm-born mothers (less than 37 completed gestational weeks; n ¼ 7925), and mothers with missing Effects of mothers' birth weight and adult BMI S Cnattingius et al information on BMI (n ¼ 25 383). The final study population, which included 162 676 mothers born at term, was used in analysis of risks of overweight and obesity in adulthood.
In analyses of risk of having an LGA infant, we further excluded mothers who had a stillbirth (n ¼ 464), missing or misclassified values of their infant's birth weight for gestational age (n ¼ 634), and mothers with preterm-born infants (n ¼ 8775). Thus, the analyses with LGA offspring as the outcome included 152 803 mothers and their first single-born offspring.
The study was approved by one of the Regional Ethical Review Boards in Stockholm.
Statistical analyses
We categorized mothers' BMI as normal, less than 25.0; overweight, 25.0 --29.9; obesity class I, 30.0 --34.9; obesity class II, 35.0 --39.9; and obesity class III, at least 40.0 kg m À2 . Mothers' birth weight for gestational age was categorized as o À2, À2 to o À1, À1 to þ 1, 4 þ 1 to 2, and 4 þ 2 s.d. above the mean. We used polytomous logistic regression analyses to evaluate the associations between mother's birth weight for gestational age and risks of overweight and obesity classes I to III in adulthood. In analyses of having an LGA offspring, we used multivariable logistic regression and restricted the BMI categories to four, of which BMI X35.0 (obesity classes II and III) was the highest category. We investigated whether the effect of mother's BMI on risk of having an LGA offspring differed by mother's birth weight for gestational age by testing interactions between these two categorical variables. This interaction was displayed by estimating the risk of having an LGA offspring by combinations of mother's birth weight for gestational age and BMI, using women with appropriate birth weight for gestational age (À1.0 to þ 1.0 s.d.) and normal BMI (p24.9) as reference. We estimated odds ratios with 95% confidence intervals. In all analyses, we adjusted for mothers' year of birth, age at delivery, education, smoking habits and height in adulthood, which were categorized according to Table 1 . Observations with missing information on co-variates (that is, education and smoking habits) were excluded from the analyses. All analyses were performed using the Statistical Analysis Software version 9.2 (SAS Institute, Inc., Cary, NC, USA).
RESULTS
Rates of overweight and obesity increased with mothers' birth weight and birth weight for gestational age, and were generally increased among mothers with low education, smokers, and among mothers with short stature (Table 1) .
Compared with mothers with appropriate birth weight for gestational age (À1.0 to þ 1.0 s.d.), mothers with lower birth weight for gestational age generally had modestly reduced risks of overweight and obesity ( Table 2) . Risks of overweight and obesity were increased for mothers born moderately large-for-gestational-age and especially for mothers born LGA, and these risks were higher for the more severe forms of obesity than for overweight. Specifically, compared with mothers with appropriate birth weight for gestational age, mothers born LGA had an almost tripled and doubled risk of obesity class II (BMI Table 2 . Mothers' birth weight for gestational age and risks of overweight and obesity in young adulthood LGA infants (%) Figure 1 . Unadjusted rates of LGA births by mothers' birth weightfor-gestational age (in s.d. and BMI).
34.0 --39.9), and obesity class III (BMI X40.0), respectively, whereas corresponding risk for overweight (BMI 25.0 --29.9) was increased by 50%. The differences between crude and adjusted risk estimates were almost entirely driven by mothers' height: when we only adjusted for height, the estimates were very similar to the fully adjusted estimates (data not shown). Figure 1 illustrates associations between mothers' birth weight for gestational age, adult BMI and rates of LGA offspring. In each BMI group, mothers born LGA had the highest rate of LGA offspring and mothers born moderately LGA had the second highest rates. Among mothers born LGA, we also observed the largest rate difference in LGA offspring by mothers' BMI: from 5.7% among mothers with normal BMI to 18.3% among mothers with obesity class II --III. Among mothers born moderately LGA, corresponding rates were 3.2% and 11.2%, respectively. Among mothers with lower birth weight for gestational age, the rate differences in LGA offspring by mothers' BMI were considerably less.
We found a significant interaction between mother's birth weight for gestational age and BMI, with respect to risk of having an LGA offspring (P, test for interaction ¼ 0.041). In Table 3 , we present risks of LGA in offspring by combinations of mother's birth weight for gestational age and BMI, using mothers with appropriate birth weight for gestational age and BMI as the reference category. In each strata of mother's birth weight for gestational age, risk of having an LGA offspring increased with mother's BMI. However, the increase in risk by BMI was strongest among mothers born SGA: the OR of having an LGA offspring was 13 times higher among SGA mothers with BMI X35.0 compared with SGA mothers with BMI p24.9 (ORs ¼ 4.61 and 0.35, respectively). In each BMI group, mothers born moderately large-for-gestational-age consistently had higher risks of having LGA offspring than women with lower birth weight for gestational age, and women born LGA had the highest risks. The risk of an LGA offspring was highest among the groups of women with a high (X30) BMI who also had a high birth weight for gestational age (4 þ 1 s.d.) , where the ORs ranged from a fivefold to a 14-fold increase compared with mothers with appropriate birth weight for gestational age and BMI. When we repeated the analyses of LGA stratified by infant sex, we obtained essentially similar results (data not shown).
DISCUSSION
In this nation-wide Swedish study of mothers and their firstborn offspring, we found that mothers classified as large or moderately large-for-gestational-age at birth had increased risks of overweight and obesity, especially severe obesity, in adulthood. Both mothers' size at birth and adult BMI influenced risks of LGA in offspring. However, the increase in rates of LGA in offspring by mother's BMI was larger in women born LGA compared with mothers with lower birth weight for gestational age. Specifically, among mothers with appropriate birth weight for gestational age, rates of LGA offspring increased from 1.4% among mothers with normal BMI to 5.0% among mothers with obesity classes II to III. Among mothers born LGA, the corresponding increase was from 5.7 to 18.3%.
Our results expand on results from a previous study reporting positive associations between being born LGA and risks of overweight or obesity in adulthood (BMI 25 --30 and 430, respectively) and of having an LGA offspring. 11 However, high BMI is not a perfect measure of obesity, and it has been suggested that the relationship between birth weight and BMI may reflect an association with lean mass rather than general adiposity in adulthood. 17 Our finding that risks were higher for severe obesity (classes II and III) than for overweight indicates that the association is due to the accrual of fat rather than lean body mass.
It is likely that both genetic factors and the intrauterine environment are important to explain the association between excessive fetal growth and subsequent obesity risk. Around 50% of the variance in birth weight for gestational age and even more of the variance in BMI has been attributed to common genetic factors. 18, 19 The association between maternal pregnancy weight gain and birth weight is well-known, and has also been confirmed in studies of successive births to the same mother. 20, 21 Excessive weight gain may also trigger the onset of gestational diabetes, 22 a disease which is partly genetically determined. 23 Fetuses of women with gestational diabetes are exposed to intrauterine hyperglycemia, which increases fetal growth. 23 It has been speculated if intrauterine hyperglycemia may induce permanent changes in appetite that in turn could increase the offspring's obesity risk. 24 We found that the BMI-related risk of having an LGA offspring differed by mothers' birth weight for gestational age; the largest effect of BMI was observed among SGA mothers. This finding is in agreement with results from previous studies, reporting interactions between birth weight and BMI with respect to blood pressure, 25 coronary heart disease, 26 and insulin resistance. 27 In these studies, the largest effects of high adult BMI were found among individuals with low birth weight. Given the associations between SGA, maternal obesity and insulin resistance, 28 our finding may also have long-term implications.
The availability of each woman's unique personal registration number allowed us to link the mothers' perinatal information to that of her offspring. The national coverage of the Swedish Medical Birth Registry enabled the inclusion of virtually all motheroffspring births during the study period. The study was restricted to relatively young mothers (o34 years) and their first-born offspring, and the results are generalizable to these groups. Information on exposures was collected prospectively, which precludes recall bias. Information on birth weight and gestational age was recorded at delivery for both mothers and offspring, and was missing or misclassified in less than 1%. Thirteen percent of mothers had missing information on BMI, but the rates of LGA offspring were similar among mothers with and without information on BMI (2.2% and 2.1%, respectively).
The chain of negative events described here, starting with being born LGA or even having a moderately high birth weight for gestational age, is of serious public health concern. The annual increase in rates of LGA infants observed during the last three decades in several countries 6 --10 varies from 0.4% and 0.7% among US whites and blacks, respectively 6 to 6.6% among Chinese infants. 10 These rate differences are likely to have been influenced by study period, definitions of LGA, and obstetrical management. Even if LGA rates now stabilize or even slightly decline, 29 we will, during the next decades, have a growing population of young individuals who are more likely to develop obesity starting at birth. This is likely to further accelerate the obesity epidemic and increase fetal growth in the next generation. In addition, infants with birth weights above 4500 grams (which are all LGA) have increased risks of perinatal morbidity and mortality. 30 Prevention of LGA births may contribute to curtail the intergenerational vicious cycle of obesity.
